Background: Long term studies of cognitive development and colic have not differentiated between typical colic and prolonged crying. Objective: To evaluate whether colic and excessive crying that persists beyond 3 months is associated with adverse cognitive development. Design: Prospective cohort study. A sample of 561 women was enrolled in the second trimester of pregnancy. Colic and prolonged crying were based on crying behaviour assessed at 6 and 13 weeks. Children's intelligence, motor abilities, and behaviour were measured at 5 years (n = 327). Known risk factors for cognitive impairment were ascertained prenatally, after birth, at 6 and 13 weeks, at 6, 9, and 13 months, and at 5 years of age. Results: Children with prolonged crying (but not those with colic only) had an adjusted mean IQ that was 9 points lower than the control group. Their performance and verbal IQ scores were 9.2 and 6.7 points lower than the control group, respectively. The prolonged crying group also had significantly poorer fine motor abilities compared with the control group. Colic had no effect on cognitive development. Conclusions: Excessive, uncontrolled crying that persists beyond 3 months of age in infants without other signs of neurological damage may be a marker for cognitive deficits during childhood. Such infants need to be examined and followed up more intensively.
U ncontrolled and unexplained excessive crying that begins in the first few weeks of life in otherwise healthy babies is usually referred to as infantile colic. 1 A systematic review of published reports suggests that infantile colic is a relatively common condition with rates between 5% and 40%, depending on the methods used to identify and classify it. 2 While factors that have been associated with colic include maternal smoking during pregnancy, socioeconomic status, maternal diet, infant diet, and low birth weight, the aetiology is largely unknown. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Colic can be extremely stressful for families. Fortunately, there appears to be no impact of colic on long term cognitive development, although there are suggestions of early transient developmental delays. 15 As colic resolves spontaneously and rarely persists beyond 3 months of age, most prospective studies of this condition have only monitored crying during the first 3 months. 2 However, a recent study that followed children with unexplained crying until 6 months identified an association between persistent crying during infancy and hyperactivity when the children were between 8 and 10 years old. 16 Our aim in this study was to determine whether prolonged excessive crying that lasts beyond 3 months of age is associated with abnormal cognitive development.
METHODS

Assembly of study subjects
The current study is an analysis of data from the control arm of a study designed to identify risk factors for, and outcomes of, children born small for gestational age (SGA). Details of the larger study are described elsewhere. 17 Briefly, the study was conducted at the university hospitals of Trondheim and Bergen in Norway and Uppsala in Sweden. Between January 1986 and March 1988, a 10% random sample of women with one or two previous singleton births presenting for prenatal care before 20 weeks of gestation were approached for enrolment into the control group of the SGA study. This control group was used for the current analysis. The study was approved by ethics committees at each site.
Maternal factors
After written informed consent, data were obtained on maternal characteristics, smoking behaviour at the time of conception, and socioeconomic status. When the children were 5 years old, Raven's progressive matrices were used to evaluate the mother's non-verbal problem solving abilities as a measure of maternal intelligence quotient (IQ). 18 After delivery, information was obtained from medical records on events relating to obstetric history and the newborn infant. Infants with major congenital anomalies or with gestational age less than 37 weeks were excluded from this analysis. Information on maternal smoking was obtained at enrolment and during pregnancy. As the smoking status during pregnancy was missing for some mothers during follow up visits, maternal smoking was defined as smoking at the time conception occurred.
Infant measurements
Infants were evaluated by public health nurses during routine preventive care visits at 6 and 13 weeks and at 6, 9, and 13 months of age, and mothers were questioned about their infant's diet and behaviour. Mothers were queried about ''symptoms of colic'' at the sixth and 13th week, and at the 6 and 9 month visits, qualified with an explanation of ''daily uncontrolled crying without any obvious cause, persisting for at least two weeks''. Colic was defined as unexplained infant crying reported within the first 12 weeks of life but not beyond. ''Prolonged crying'' was defined as ''daily uncontrolled crying without any obvious cause, persisting for at least 2 weeks'' but in contrast to colic, was reported both at 6 weeks of age and at the 13 week visit. Durations of exclusive and complementary breast feeding were based on the detailed history of the infant's diet. 19 When the children were 13 months old, a home screening questionnaire was completed at the Norwegian sites to assess the quality of the home environment in which the child was being raised. 20 When the children were 5 years of age, all mothers provided a detailed history of the child's major health problems.
Outcomes
At the two study sites in Norway, psychometrists administered the Fagan test of infant intelligence at 6 months of age. 21 At 5 years, all sites used the WPPSI-R (Wechsler preschool and primary scales of intelligence-revised) to assess intelligence. 22 This test assesses the total IQ using standardised verbal IQ (VIQ) and performance IQ (PIQ) measures. Gross and fine motor abilities were measured using the Peabody developmental motor scales (PDMS). 23 To identify behavioural problems, a battery of tests based on the personality inventory for children (PIC) was administered when the child was 5 years old. 24 Like the Fagan test, the PIC was done only at the two Norwegian sites. Individuals administering all the above tests were blinded to the history of colic and prolonged crying reported by the mother during follow up.
Statistical methods
Infants whose mothers reported no crying related problems were considered to be the reference group and were compared with those with prolonged crying and colic. Twogroup comparisons were carried out using the non-parametric Mann-Whitney U test and Fisher's exact test. Logistic regression was used to identify factors associated with colic or with prolonged crying, after adjusting for confounding factors. For associations with cognitive outcomes, multiple linear regression models were used to adjust for the confounding effects of maternal education, age, smoking, and infant sex. Choice of confounders was based on prior scientific knowledge of factors associated with colic and cognitive development.
RESULTS
Study population
Of 521 eligible deliveries, 407 (78%) had follow up information for the sixth week and the 13th week preventive care visits. Five year follow up IQ was obtained on 327 (80%) of these children. The sociodemographic characteristics and anthropometric measurements at birth for the 114 infants and their mothers who did not have follow up information did not differ from those who returned for follow up at the 6 week and 13 week visits. Similarly, as described elsewhere, children with no IQ measurements at 5 years did not differ from those with measurements, as they had comparable durations of breast feeding, sociodemographic factors, and growth. 19 25-27 Factors associated with colic and prolonged crying Of 63 mothers reporting colic at the 6 week visit, 15 were classified as having prolonged crying because the behaviour persisted at the 13th week. Maternal and infant characteristics of normal infants, infants with colic, and prolonged crying were comparable (table 1) . The three groups did not differ in obstetric complications such as gestational diabetes, hypertension, emergency caesarean sections, premature rupture of membranes, placenta praevia, or obstructed labour; neither did they differ in neonatal factors including birth trauma, resuscitation in the delivery room, admission to the neonatal intensive care units, presence of metabolic disturbances, and treatments for neurological or pulmonary disorders. After adjusting for maternal education and age, mothers who were smokers at the time of conception were twice as likely to report infants with colic than those who did not smoke (odds ratio = 2.1 (95% confidence interval (CI), 1.1 to 4.0); p,0.05). However, smoking was not associated with prolonged crying (OR = 0.7 (95% CI, 0.2 to 2.1)).
Cognitive development
Children who had prolonged crying, but not those who had colic, had poorer outcomes on many of the tests of cognitive development. For infants with Fagan's test measurements, the adjusted mean novelty score for the prolonged crying group was 4.8 points lower than for the comparison group (95% CI, 0.6 to 9.0; p,0.05), while there was no significant difference between the colic group and the comparison group. At 5 years of age, using the distribution of the total IQ scores of the children with no colic as the reference, 47% (seven of 15) of the prolonged crying children had total IQ scores below the 25th centile. Of these, 20% (three of 15) had total IQ scores below the 5th centile. The adjusted mean difference in total IQ for the prolonged crying group was 9.0 points lower (95% CI, 1.9 to 16.2; p,0.05) than in children who had no problems associated with crying (table 2) . Subscales indicated a 9.2 point deficit (95% CI, 2.0 to 16.5; p,0.05) in performance IQ and a 6.7 point deficit (95% CI, 20.3 to 13.8; p = 0.06) in verbal IQ for these children. Although there were no significant differences in the PDMS scores for gross motor abilities such as balance and locomotion, the prolonged crying group had significantly poorer fine motor skills measured by PDMS eye-hand coordination scores (p,0.05). The PIC scores at 5 years of age in a subset of nine children in the prolonged crying group and 165 in the comparison group suggested that children in the prolonged crying group were more likely to have problems associated with discipline (p,0.05) and with hyperactivity (p,0.05); no such differences were apparent for the colic group (data not shown).
DISCUSSION
Our data corroborate most previous findings that transient colic does not affect cognitive development. On the other hand, prolonged crying (crying that continues beyond 3 months) was associated with a significantly increased risk of cognitive problems at 5 years of age. In this study population, prolonged crying was associated with lower IQ scores, poorer fine motor abilities, hyperactivity, and discipline problems during childhood. There were no apparent neurological or clinical signs in the prolonged crying group that would have identified these infants as being at high risk for poor cognitive development. Thus these findings indicate that prolonged crying itself may be a marker of subsequent impaired cognitive development.
Our conclusions are based on only 15 children classified as prolonged criers. Hence larger and more definitive studies need to be conducted to corroborate the findings. However, despite the small number of children in the prolonged crying group, statistically significant differences were detected for many of the outcomes because there were large intergroup differences. To explore the possibility that other factors might have caused an association between prolonged crying and cognitive development, we compared the home environments in which the children were reared and found no differences across the groups. We also examined iron status and found that ferritin levels in cord blood were similar (table 1) . Children with prolonged crying had no major health problems such as heart disease, seizures, problems with hearing and sight, recurrent otitis media or diarrhoea, cerebral palsy, asthma, or speech problems that could account for the lower IQs observed. Iron deficiency or lead poisoning can impair cognitive development, but high serum lead concentrations and severe anaemia are rare in this population. 29 30 Iron levels were not low in the prolonged crying group.
Many definitions have been used to define colic, 2 the most common being Wessel's criteria. 28 We used a pragmatic definition described by Schmitt which is based on parental perception of what may be abnormal and uncontrolled crying. 1 In this study, colic and prolonged crying were determined prospectively but relied purely on maternal Table 2 Intelligence quotient (IQ) scores of children who were normal, had colic, and had prolonged crying assessments without detailed recording of total duration of crying and total number of times that the child cried. Despite the lack of this level of detail, the prevalence of colic was comparable to that reported in most other studies. Furthermore, only mothers with one or more previous births were enrolled in the study. As all the mothers in this study had previous experience with one or more infants, it is less likely that reports of unusual crying would solely reflect anxiety or inappropriate perceptions of what constitutes abnormal behaviour of the infants. The finding that mothers who were smokers were twice as likely to have children with colic is consistent with the findings of most other studies, which have reported odds ratios of between 1.5 and 2.8 for the association between smoking and colic, suggesting that there was no biased assessment of colic. 4-6 13 Additionally, our ability to show that infants with prolonged crying had hyperactivity problems during childhood was consistent with other similar findings. 16 Several strengths of our study need to be mentioned. Studies of cognitive outcomes require measurement of clinical, environmental, social, and behavioural variables because IQ is influenced by all these factors. As our study data were obtained prospectively during pregnancy, the intrapartum period, the neonatal period, and throughout early childhood, it was possible to assess a large number of potential causal as well as confounding factors that could provide an explanation for the poorer cognitive outcomes. In this study, the confounding effects of race and socioeconomic status are minimised because the population in this region is relatively homogeneous and health care access is universal. Reporting of events during infancy by the mothers is likely to be of high quality because most mothers are educated and are allowed 9 to 12 months of leave after delivery (almost fully paid) to care for their infants 31 ; hence they are in a position to provide comprehensive and accurate information.
To our knowledge, none of the previously reported studies has assessed the important independent confounding effects of genetic factors such as maternal IQ and factors like the duration of exclusive breast feeding while studying the association between colic and cognitive outcomes. Our study showed an association between prolonged crying and cognitive development after controlling for these factors.
Finally, despite the small numbers in the prolonged crying group, we were able to show that many cognitive outcomes such as early infant IQ, IQ during childhood (both performance and verbal), fine motor abilities, and behavioural measures such as discipline and hyperactivity were significantly worse in this group.
It is unclear why prolonged crying is a risk factor for long term cognitive problems, and the mechanisms need to be explored. We speculate that irritability caused by subtle underlying neurological problems may be the cause of prolonged crying, despite the fact that most common neurological problems were ruled out in our population. Alternatively, children normally cry less as they mature developmentally; thus prolonged crying may be a sign of delayed maturation.
Conclusions
These data suggest that regardless of the cause, prolonged crying may provide the paediatrician with important early indications that a child is at risk of impaired cognitive development. In this population, approximately 5% of the children experienced prolonged crying, suggesting that this behaviour is not rare. Hence infants who have prolonged crying beyond 3 months of age need to be examined and followed up more intensively. 
